Abstract: Introducing rabbits as genetic materials into institutes for experimental animals
Recent developments in reproductive technologies have resulted in a lot of advantages in the field of experimental animals. Especially in mice, the techniques of cryopreservation of sperm and embryos in combination with in vitro fertilization have become popular and widely used in many institutions around the world [8, 13, 21] . These techniques allow transportation of mice from one institute to another between countries without the need for transport of live animals. The major advantages of using cryopreserved sperm or embryos include easy handling and avoidance of stress, escape, and accidental death during the journey and quarantine, and their cheapness compared to transportation of live animals. In spite of this, transportation of frozen sperm or embryos of other laboratory animal species is infrequent, because unlike for mice, the technology has not been fully developed.
In 2005, at the time this study was initiated, rabbit imported to Japan had to be quarantined for 3 days at the airport in according to the Domestic Animal Infectious Diseases Control Law (Ministry of Agriculture, Forestry and Fisheries Notice No. 509, 1998). In general, rabbits are considered nervous animals, which are extremely vulnerable to stress. Therefore, there were concerns about the health status of rabbits due to the long transportation between countries, and the 3 days quarantine at the airport. To avoid this problem, we attempted an alternative method of importing cryopreserved sperm instead of live rabbits. Although sporadic reports have described several procedures of cryopreservation of rabbit sperm [1, 3, 4, 12, 19, 20, 22] and embryos [10, 14, 23] , successful transportation and establishment of a rabbit colony imported from other continents has not been documented to date. In the present study, we imported frozen sperm of complement C6-deficient rabbits from Germany to Japan, and established a C6-deficient rabbit colony by artificial insemination (AI) in our facility, confirming the usefulness of these techniques for rabbits.
The C6-deficient rabbits have been bred and maintained at the Institute of Medical Microbiology and Hygiene, University of Mainz, Germany [16, 18] . In the current study, sperm was collected from 3 sexually mature C6-deficient bucks using an artificial vagina and washed two times with Tris-citric-glucose buffer [15] . The semen was cryopreserved in liquid nitrogen following the protocol described previously [1, 3] . Briefly, the semen was diluted about 1:5 with 20% egg yolk-acetamide extender (final sperm density was 100 × 10 6 cells/ml) and loaded into 0.25-ml plastic straws (Minitüb ® , Minitüb GmbH, Tiefenbach, Germany) at room temperature. Then, the straws were cooled in a programmable freezer (Cryostat P2-C50P, Thermo Electron Corporation, Karlsruhe, Germany) from 25°C to 5°C at -0.4°C/min. After cooling to 5°C, the straws were subsequently placed into a refrigerator at 5°C for 30 min. Next, the straws were placed at 4-5 cm above the surface level of the liquid nitrogen for 15 min, and then plunged into the liquid nitrogen.
For transportation of frozen sperm from Germany to Japan, a dry-shipper (CX-100, Taylor-Wharton Cryogenics, Theodore, AL, USA) was used. After arrival the frozen sperm was preserved in liquid nitrogen until AI. For the AI procedure, frozen sperm was thawed in 37°C water for 30 s. The contents of the straws were transferred into new tubes previously warmed at 37°C, and sperm number and motility were evaluated using a hemocytometer. First, we counted the number of stationary sperm under a microscope; then we fixed the sperm with glutaraldehyde, and counted the total number of sperm. Sperm motility is defined as the percentage of motile sperm (total sperm -stationary sperm) in total sperm. Five female Japanese White (JW) rabbits (Japan SLC, Shizuoka, Japan) were inseminated with 19.4-36.0 × 10 6 of motile sperm using a glass pipette and were intravenously given 50 IU of human chorionic gonadotropin (Teikoku Hormone MFG Co., Ltd, Tokyo, Japan) at the time of insemination [22] . The rabbits were housed individually in fiber reinforced plastics cages in a room maintained at constant temperature (24 ± 2°C) and humidity (55 ± 15%), and were given a standard rabbit chow (CRB-1, CLEA Inc., Tokyo, Japan) and water ad libitum. The experimental protocols were approved by the Saga University Animal Experimentation Committee and performed according to the Saga University Guidelines for Animal Experimentation.
As shown in Table 1 , the post-thaw sperm motility was 16.1-19.2%. After AI, 4 of 5 rabbits became pregnant, and 11 viable pups were born. Normal female rabbits (wild-type) were inseminated with the sperm from C6-deficient rabbits (homozygote), resulting in the generation of heterozygous offspring. Therefore, to establish a homozygous C6-deficient rabbit colony, the heterozygous rabbits obtained from the foreign semen were cross-bred. To identify homozygous C6-deficient rabbits, 2 µl of rabbit serum were separated by 7.5% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) for immunoblotting with a goat polyclonal antibody to human compliment C6 (MP Biomedical, Inc., Ohio, USA). The results are shown in Table 2 and Fig. 1 . After cross-breeding of heterozygous rabbits, 4 of 5 rabbits became pregnant, and a total of 24 pups were weaned ( Table 2 ). The immunoblotting analysis revealed that 9 of the 24 rabbits were homozygous C6-deficient rabbits which lacked C6 protein in their serum (Fig. 1) .
As an alternative to the transportation of live animals, as well as sperm, embryos may be available. With rabbits, however, to obtain sufficient embryos many donor rabbits need to be prepared which incurs higher costs. By contrast, rabbit semen can be collected easily and economically using an artificial vagina. Moreover, the techniques of sperm collection, cryopreservation and AI are easier than embryo collection, cryopreservation and transfer. It has been reported that rabbit sperm can to be stored at low temperatures for several days [5, 9, 11, 15] . Rabbit semen can also be processed and stored for 2-3 days at 4-5°C in a refrigerator or at room temperature [5, 9] . Furthermore, Lopez-Gatius et al. [11] reported that rabbit sperm can be effectively stored in a gelatin-supplemented extender at 15°C for up to 5 days and still have sufficient fertility for AI. These observations suggest that rabbit sperm stored at low temperatures (such as 15°C) could be useful for transportation. This means of transportation is more simple and economic than frozen-thawed sperm, but its use is limited to areas where it can arrive within a transportation period of 2-3 days. Therefore, we decided that transportation of frozen sperm would be the best way to transfer C6-deficient rabbits from Germany to Japan.
Several cryoprotectants, such as glycerol [17, 20] , ethylene glycol [4] , dimethylsulfoxide (DMSO) [12, 19, 22] and acetamide [1, 3] have been used for rabbit sperm and have resulted in the recovery of motile and fertile sperm. Although glycerol has been widely used as a cryoprotectant for other domestic animals, it is not an effective cryoprotectant for rabbit sperm because the sperm has shown low fertility following cryopreservation [2] . Recently, Kashiwazaki et al. [6] reported that 1.0 M lactamide and acetamide were more suitable than 1.0 M glycerol and DMSO as cryoprotectants for JW rabbit sperm. For cryopreservation of sperm from C6-deficient rabbits, AI, artificial insemination; M, male; F, female. a) C6 deficiency (homozygote) was determined by immunoblotting analysis (see Fig. 1 ). b) Not pregnant.
we used an egg-yolk based extender containing acetamide as a cryoprotectant, referring to the methods of Chen et al. [1] and Delimata and Graham [3] . Postthawing motility was up to 40-46% [1, 3] , and no difference was observed in the pregnancy rate between fresh and frozen sperm after AI with equal numbers of sperm [1] . However, compared to these other reports our present data can be seen as slightly poor. Motility after thawing was less than 20%, and the number of pups after AI was less than half that of fresh sperm (mean litter size; 2.8 ± 2.2 vs. 7.5 ± 3.1), although pregnancy (each 80%) was not different (Table 1 and 2) even when we inseminated with nearly twice the number of sperm than with fresh sperm. The reason for this low performance may be explained by the quality of C6-deficient rabbit sperm. The motility of frozen-thawed sperm can be influenced by many factors, not only the inappropriate handling of semen but also differences among rabbit breeds, ages and bucks [12] . In the present study, parent buck No. 185 showed extremely low performance with respect to litter size after AI ( Table 1 ), indicating that this buck's sperm might be a "bad freezer" with resistance to freezingthawing [12] . C6 deficiency is an inheritable trait which is under control of an autosomal recessive gene in rabbits [7] . The homozygous C6-deficient rabbits are completely deficient in C6, and their plasma lack all hemolytic activity against antibody sensitized erythrocytes [16, 18] . In contrast, heterozygous animals have functional C6, but exhibit a slightly reduced total hemolytic activity [16] .
In this study, we found that immunoblotting was a useful method for determining homozygous C6 deficiency in rabbits, however the immunoblotting technique cannot distinguish between the wild and heterozygous types, because only homozygous C6-deficient rabbits completely lack C6 in their sera (Fig. 1) .
In conclusion, we have confirmed that transportation of cryopreserved semen instead of live rabbits and in combination with an AI technique is a useful method for re-establishing a C6-deficient rabbit colony. Fig. 1 . Immunoblotting analysis was done for detection of homozygous C6-deficient rabbits. Two microliters of serum from two rabbits of each genotype were loaded onto 7.5% SDS-PAGE. The homozygous C6-deficient rabbits lack bands reacting with antibody against C6.
